Study design: Retrospective study. Objectives: To investigate prognostic factors of sacral chordomas and provide theoretical foundation for an improvement of continuous disease-free survival (CDFS). Methods: Thirty-six patients underwent initial operation for sacral chordoma between 1992 and 2007. Data regarding age, gender, tumor size, tumor location, and type of surgery, surgical margins, surrounding muscle invasion, radiation therapy, and recurrences were reviewed and analyzed statistically. Results: The average duration of follow-up was 74.4 months (range, 16-182 months). Sixteen patients developed local recurrences at the time of final follow-up. The average recurrence time was 30 months (range, 3-84 months). The 5-year and 10-year actuarial CDFS were 59.5 and 42%, respectively. CDFS was found statistically longer in patients whose tumor highest level at or below S3 compared with above S3 (P ¼ 0.047). Patients who had invasion into the surrounding muscle had a shorter CDFS than those without surrounding muscle invasion (P ¼ 0.014). Statistic analysis showed that the type of surgery was the most valuable indicator of CDFS (P ¼ 0.001). The local recurrence rate was statistically higher when an inadequate margin has been achieved (P ¼ 0.021). The Cox multivariate regression analysis showed that surrounding muscle invasion (P ¼ 0.024) was an independent adverse prognostic factor for CDFS, whereas incomplete excision (P ¼ 0.056) achieved borderline significance. Conclusions: The higher level of tumor involvement, invasion into the surrounding muscle, incomplete excision, and inadequate surgical margins are poor prognostic factors. Resecting the tumor completely with wide surgical margins may provide a better prognosis for these patients.
Introduction
Chordoma is a rare, low to intermediate-grade malignant bone tumor known to arise from the embryonic remnants of the notochord, 1, 2 and recent studies suggest that chordomas can also arise from the precursor benign notochordal lesion. 3 The majority of chordomas develop in the sacrococcygeal region (40-50%) or the base of the skull (35-40%), and only a small number are found in the mobile spine (15-20%). 4, 5 Sacral chordomas generally grow slowly with insidious symptoms. The large size, the proximity to neurovascular structures, and the complex anatomy of the pelvis make complete or wide excision difficult, and these probably lead to poor local control. Achieving long-term survival remains a challenge and local recurrence is one of the most important predictors. In this study, we investigated the prognostic factors of sacral chordomas after surgical therapy and provide theoretical foundation for an improvement of continuous disease-free survival time (CDFS).
Materials and methods
A consecutive series of 36 patients with sacral chordoma were analyzed retrospectively. All patients were treated between 1992 and 2007 at the Department of Orthopedic Surgery, The First Affiliated Hospital of Soochow University. Patients who had performed earlier surgical treatment were excluded from the review. Follow-up included plain radiographs, computed tomography scan and magnetic resonance (MR) imaging evaluation at every 3 months in the first 2 years and at 6-month intervals after 3 years. Clinic visits were complemented by letters and questionnaires provided by our institution. The information included in this report was retrieved from direct examination of the patient, evaluation of images, and patient interview. Data on the patient age, gender, symptoms, size of the tumor (largest diameter), location of the tumor (most proximal vertebral level involvement), with surrounding muscle invasion or not, type of surgery (intralesional, marginal, or wide), surgical margins (wide or inadequate), adjuvant treatment, and local recurrence were collected and analyzed for each patient. The histology of all patients was confirmed.
Preoperative images
All patients were examined with plain radiographs, computed tomography scan, and MR imaging. All tumors were osteolytic and sometimes difficult to detect on initial plain films. Patients were also evaluated with a whole-body bone scan and a computed tomography scan of the chest to ensure that no distant metastasis was present.
Treatment
Preoperatively, all patients underwent embolization of the tumor feeding arteries under digital subtraction angiography. We embolized the bilateral internal iliac artery, median sacral artery, and other tumor feeding arteries by broken pieces and striga of gelatin sponge. 6 All cases were performed a posterior approach in an average of 1.5 days (range, 1-3 days) after the embolization. During the dissection, we tried to preserve bilateral S1-S2 nerve roots or at least one S3 nerve root to preserve the normal bowel and bladder function. If the first sacral vertebrae was excised, we would reconstruct the stability of pelvic ring by using the improved Galveston L-rod. 7 
Statistical analysis
Data were recorded in a Microsoft Excel 2003 spreadsheet and all statistical analysis were completed using SPSS 13.0 statistical software. CDFS was defined as the time interval from initial diagnosis to disease relapse. The following factors were evaluated: patient age, gender, tumor size, tumor location, surrounding muscle invasion, type of surgery, surgical margins, and adjuvant radiotherapy. The rates of CDFS were analyzed by Kaplan-Meier method. Risk factors for these end points were compared with use of the log-rank test. The multivariate analysis was performed by using the Cox proportional-hazards model. The level of significance was a probability value of o0.05.
Results
Of 36 patients, 16 were female and 20 were male. The mean age at diagnosis was 51.5 years (range, 18-77 years). Local pain was the chief presenting symptom in a majority of patients, and other presenting symptoms including bladder and bowel dysfunction, paresthesias, and sexual dysfunction were less frequently observed. The average duration of symptoms before diagnosis was 15.1 months (range, 2-60 months). At the time of presentation, all tumors were Stages IA-IB according to the system of the Musculoskeletal Tumor Society (MSTS). No patient developed metastases at the time of initial examination. Fifteen tumors were located in the low sacrum group (S3 or below), and 21 tumors were located in high sacrum group (above S3). The mean tumor size was 9.15 cm (range, 4.0-13.0 cm) in the greatest diameter. Thirteen patients were identified to have invasion of the surrounding muscle (piriformis or gluteus maximus).
A wide margin was defined as a cuff of normal tissue around the tumor except anteriorly, where the tumor was covered by the presacral fascia and was separated easily from the rectum without any evidence of infiltration. Marginal excision was defined as tumor that was not resected widely, and intralesional excision was defined as tumor was resected by partition or incomplete surgical excision. Radical wide excision was performed in 7 cases, marginal excision in 16 cases, and intralesional excision in the remaining 13 cases. A margin was considered adequate if it was wide according to intraoperative and histological assessments. All other margins including marginal and intralesional were considered to be inadequate. In our study, a wide margin was obtained in 7 patients (19.4%), an inadequate margin was obtained in 29 patients (80.6%). The mean operation time was 5.2 h, and the mean operation blood loss was 1026 ml (range, 400-3500 ml). Reconstruction was performed in only four cases whose tumor reached L5 and the total sacrum with substantial parts of both iliac wings being resected. In this series, radiation therapy was reserved for surgically contaminated margins or incomplete excision of the tumor. Overall, radiation therapy was administered to 15 (41.7%) from 36 patients, with an average dose of 50 Gy (range, 30-60 Gy). None of the patients received chemotherapy. Prognostic factors of sacral chordoma after surgical therapy KW Chen et al local recurrences. The average recurrence time was 30 months (range, 3-84 months). Five of them had a second local recurrence in 10-45 months after the first recurrence. Among these five patients, a 56-year-old male is still alive without disease 26 months after the second recurrence (Figures 1-3) . For all patients in this study, the 5-year and 10-year actuarial CDFS were 59.3 and 42%, respectively (Figure 4) . Of the 16 patients with local recurrences, 2 had no evidence of disease at last follow-up, 8 were alive with disease, and 6 died of tumor. 
Prognostic factors
Univariate statistical analyses for prognostic factors are tabulated in Table 1 . Significant adverse prognostic factors for CDFS were higher tumor location, with surrounding muscle invasion, incomplete excision, and inadequate surgical margins (Po0.05, Figure 5 ). All other factors analyzed including patient age, gender, tumor size, and adjuvant radiotherapy were not significant (P40.05). The Cox multivariate regression analysis showed that surrounding muscle invasion (B ¼ À1.300, P ¼ 0.024) was an independent adverse prognostic factor for CDFS, whereas incomplete excision (B ¼ À1.669, P ¼ 0.056) achieved borderline significance ( Figure 6 ). Results of cox regression analysis are listed in Table 2 .
Discussion
Complete excision is necessary for sacral chordoma because of its poor sensitivity to radiotherapy and chemotherapy. 5, 8 Aggressive techniques of surgery allow a more total resection, but local recurrence rate is still high. [7] [8] [9] As many patients can survive despite the presence of symptoms, the use of CDFS time is potentially more valuable than the overall survival time. Therefore, we investigated the factors related with CDFS in sacral chordomas. Until recently, age and sex were thought to be of no prognostic value in chordomas. 10 However, O'Connell et al. 11 reported that female sex was an independent predictors of shorter survival (P ¼ 0.004) for skull base chordoma. The same observation was reported by Thieblemont et al. 12 in a series of 26 patients with chordoma. In univariate analysis, progression-free survival (PFS) was found significantly longer in males as compared with females (P ¼ 0.05), and patients under 60-years old had a longer progression-free survival (P ¼ 0.06) than older patients. However, in our series, CDFS was not found to be significantly different for patients with different age and sex group.
Cheng et al. 13 reported that the highest level of tumor involvement was prognostically significant for CDFS and overall survival (Po0.05) in 23 patients. This was also observed in our study; patients in the high sacrum group had higher recurrence rates than those in the low sacrum group (P ¼ 0.04). We found that local infiltration was more likely to occur in the high sacrum group (47.6%) than in the low sacrum group (20%). When tumor involves to S2 or above, because of the anatomic characteristics or to preserve nerve roots, intralesional excision tends to be used. Therefore, careful evaluation of preoperative MR images should be performed to ascertain the extent of the tumor and plan operative scope. The large tumor size at presentation has been consistently shown to be a negative prognostic factor. York et al. 10 reported a series of 39 patients, and the recurrence rate of the big tumor group (48 cm) was higher than the small tumor group (o8 cm) (P ¼ 0.053). We separated the patients into two groups on the basis of the average tumor size (9.15 cm), but in the univariate analysis, the difference of the median CDFS between different tumor size group had no significance (P ¼ 0.49). This may have occurred because it may be inversely correlated with the probability of achieving a wide excision in our series. Extent of resection and surgical margins have consistently been shown to impact local control. 4, 5, 14, 15 Similar to earlier studies, we found surgical type and surgical margins were intimately correlated to local recurrence. All patients with a wide margin had no recurrence. The majority of patients operated with intralesional margins developed recurrence. The risk of an inadequate procedure was mainly related to the extension of the disease in the soft tissue. In addition, intraoperative contamination or seeding of cells from tumor during operation frequently occurred in the intralesional excision group, and led to a high recurrence rate. Hanna et al. 16 suggested infiltration of the musculature adjacent to the sacrum and/or involvement of the sacroiliac joints increases the tendency of local recurrence, even after apparently successful en bloc resection of the tumor. All patients with invasion of the surrounding muscle had Cox multivariate regression analysis was used for comparing the independent prognostic significance of multiple factors. The role of traditional radiation remains controversial because chordomas are not very radiosensitive. Earlier studies have shown mixed results regarding the ability of radiotherapy to improve the prognosis when the surgical margin is positive. 5, 17, 18 Some technologies such as protons or intensity modulated radiationtherapy have been used to improve the radiobiological effect. 19 However, our results did not show that radiation therapy improved CDFS. Given the limitation of this series, the value of adjuvant radiation therapy needs to be addressed in future prospective multi-institutional studies.
In conclusion, the only factor positive in the Cox MVA in our series was the presence of surrounding muscle invasion. This may be related to more aggressive tumors on presentation that were more likely to recur despite aggressive therapy, or possibly this may be related to the inability to achieve maximal resection. This highlights the importance of early diagnosis, careful evaluation of preoperative MR images, and radical excision with wide surgical margins. Local failure is the major factor affecting postoperative outcome, but aggressive management of recurrences is obligatory to allow long-term survival.
